ABSTRACT Industrial exposure to polychlorinated biphenyls (PCBs) and internal dose were investigated in 80 workers exposed for many years to PCB mixtures with a 42 % chlorine content (Pyralene 3010 and Apirolio). PCBs were determined by liquid gas chromatography on samples taken from workroom air, workroom surfaces and tools, the palms of the hand, and the blood of the workers.
and tools were heavily contaminated, with a range from 0-2 to 159 ,ug PCBs per cm2 of surface. Considerable amounts of PCBs were detected on the palms of the hands of the workers (2-28 ,ug/cm2 of skin surface). In blood, total PCB concentrations from 88 to 1319 ,ug/kg were observed: comparing the blood concentrations of low and high chlorine content biphenyls, a significant difference was found for the low-chlorinated biphenyl concentrations between workers currently exposed and workers exposed only in the past. In groups of workers who were homogeneous as regards work area and job, the PCB concentrations in the blood were closely correlated with the length of actual occupational exposure to these compounds.
These findings led to the conclusion that absorption of PCBs in these workers had occurred mainly through the skin, and therefore industrial preventive surveillance must take this route of exposure into account. Since blood PCB concentrations appear to be correlated with the length of exposure, PCB determination on whole blood may be used to monitor industrial and environmental exposure to PCBs.
Polychlorinated biphenyls (PCBs) are compounds characterised by long-lasting persistence in the environment; total cumulative world production of PCBs has so far been estimated at around 1 million tons. ' Commercial production of PCBs began in the USA in 1929 and consumption increased continuously until the early 1970s: the number of occupationally exposed people in the USA has been estimated to be about 12000. ; precise information about the number of occupationally exposed workers in Italy is lacking, but it probably exceeds several thousand.
The diffusion of PCBs in the environment has been amply investigated in several countries,1 3 but few data are available on the route of absorption and internal concentrations of occupationally exposed people. [4] [5] [6] In Italy PCB concentrations in the environment and in food have been studied by Leoni et a17 and by Vannucchi et al.8 We report the results of an investigation in two plants on pollution of the working environment and internal dose in workers using PCBs as a dielectric. The mean age (± SD) and length of employment of the 80 workers under study were respectively 37 ± 8 and 12 ± 6 years. Sample preparation Samples of air of the working environment were passed through a Greenburg-Smith impinger containing a mixture of diethylene glycol and diethylene glycolmonobutylether (1:1 vol/vol). The solvent mixture was repeatedly extracted with petroleum ether (bp 40-60°C) and analysed for PCB content.
Samples from working surfaces in the environment -that is, the work table, tools, and palms of the workers' hands-were prepared by cleaning the tested surfaces with a hexane-washed cotton wool plug imbued with a mixture of petroleum ether and acetone (4:1 vol): the plugs were afterwards extracted with petroleum ether and analysed.
Samples of heparinised blood (5 ml) collected with a glass syringe (washed with hexane) were added to 10 ml of distilled water. The mixture was allowed to stand for at least 15 min (during which time hemolysis occurred) and was then repeatedly extracted with hexane (3 x 5 ml) in the presence of magnesium sulphate. The Statistical evaluation of the results from plant A indicated a significant difference (p < 005) for blood trichlorobiphenyl concentrations between current and past exposed workers; no significant difference was found for blood pentachlorobiphenyl concentrations. A pronounced difference was also evident for the blood PCB concentrations between the workers employed in the three PCB departments and those with indirect exposure.
Since the length of employment did not reflect the real duration of exposure to PCBs for the workers of plant A, a detailed analysis was performed to evaluate the different jobs and all manufacturing operations affecting direct exposure to PCBs carried out daily by the workers. By multiplying the length Duration of exposure index = yrE X hPCBS X 100 hrtot In table 5 the blood PCB concentrations of plant A workers are reported according to department and job: 14 workers were omitted because they had been engaged in more than one task so that it was impossible to assign them to a definite group.
Figures 1 and 2 are scatter diagrams of blood PCB concentrations and duration of exposure indices for the workers employed respectively in the low-power capacitor department and in the filters department.
If the currently exposed and past exposed workers (empty and full circles in the figures) are considered separately, a higher pentachlorobiphenyl blood concentration for the workers exposed only in the past may be clearly observed.
Discussion
Occupational exposure to PCBs is at present one of the most important problems for the electric high power capacitor and transformer industry, where technologically it will be difficult to replace these substances in the short term. In our study, for plant A, air concentrations of PCBs from 48 to 275 /kg/m3 were observed, which are well below the limit of 1 mg/m3 internationally accepted for the chlorobiphenyls with 420% chlorine content.1' Conversely, the high concentrations detected on surfaces (see table 2) indicated that this source of exposure may be the most important due to absorption through the skin.
With regard to the gaschromatographic pattern of PCBs detected in the working environment, the air samples showed only the presence of components with relatively high volatility-that is, the lowchlorinated biphenyls-while significant amounts of pentachlorobiphenyls were often detected on surfaces; considering the low content of high chlorinated biphenyl in the mixture used (Pyralene 3010), these findings seem to confirm that the high chlorinated biphenyls tend to accumulate in the environment because of a lower natural and artificial removal rate.
The existence of a percutaneous absorption risk was also emphasised by the determinations performed on the palms of the hands of the workers, where considerable amounts of PCBs were detected in all subjects tested. Since the possibility of percutaneous absorption of PCBs has been shown experimentally,12 it must be concluded that in these workers percutaneous absorption of PCBs is far greater than by inhalation.
The blood PCB concentrations measured in the exposed workers of plants A and B (table 4) are of the same order of magnitude as those reported by other authors4-6 for similar electrical engineering works.
In plant A workers the mean blood concentration of pentachlorobiphenyl compounds was higher than that of trichlorobiphenyls, while the reverse occurred in plant B workers; as the PCB mixture used in the two plants was about the same in chlorine content, this unexpected blood PCB pattern of plant (O = currently exposed workers; 0 = past exposed workers).
workers might be due partly to a heavy past exposure to the highly chlorinated mixture used up to 1965. The comparison of mean blood PCB concentrations between current and past exposed workers of plant A (table 4) showed a significant difference only for trichlorobiphenyl levels, but a pronounced difference was observed, both for trichloro-and pentachlorobiphenyl, between the workers with direct (current and past) and occasional exposure.
Since it is common knowledge that PCBs are slowly metabolised and eliminated from the body' 3 we looked for a correlation between blood PCB concentrations and duration of exposure, using a more exact duration of exposure index instead of duration of employment. This correlation was strongly positive in groups of workers with similar jobs (figs 1 and 2) and confirms that PCBs accumulate in the organism.
Conclusions
In the plants under study absorption of PCBs occurred mainly through the skin, so the commonly used method to assess industrial exposure of determining the atmospheric PCB concentration is not sufficient to give complete information on the exposure level of the workers. Guidelines for preventing undue exposure in industry must consider the protection against skin absorption.
The determination of PCBs in whole blood has been shown to be a useful test to evaluate in monitoring the body burden. The blood PCB concentration evaluated with reference to the duration of exposure may be used to compare different levels of occupational and environmental exposule.
In workers exposed to PCB mixtures with 42% chlorine, the blood concentration of low chlorinated biphenyls (TRI-CB) may be roughly indicative of the recent exposure, while the blood concentration of high chlorinated biphenyls (PENTA-CB) reflects more closely the earlier exposure. 
